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We have measured the quadrupole hyperfine interaction in the intermetallic compoyg8i Yising 1°vb
Mossbauer absorption spectroscopy in the temperature range 0.03—80%dngerturbed angular correla-
tion spectroscopy in the temperature range 20—-750 K. Datgy,eétige x-ray absorption and magnetic sus-
ceptibility are also presented, as well as’8vb Mossbauer spectrum with a magnetic field7oT at 4.2 K.
There are two distinct crystallographic sites for Yb ing8i;. The whole set of our measurements shows that
the two sites contain Yb ions in a charge state close+to 3t with different hybridization strengths, making
YbsSi; a unique compound. No magnetic ordering of the’Ytsublattice is shown down to a temperature of
0.03 K.[S0163-182807)07231-7

I. INTRODUCTION In noncubic compounds, the quadrupole moment of the
nuclei is submitted to an electric-field gradigiF~G). This
The ytterbium silicide family consists of several com- EFG originates from all extranuclear charges. For the Yb
pounds with different magnetic properties and charge stateen, the essential point is that for divalent and trivalent ions,
for the Yb ion! The alloy Yh;Sis contains Yb ions in a there are quite different contributions to the EFG from the
mixed-valence state close to the divalent sfateYbSi, the  self-ion electronic shell. The Y& ions have a completely
Yb ions appear as almost trivalent, and show Konddfilled 4f electron shell, and in such a case tHeedectrons do
propertiess This compound orders magnetically below not contribute directly to the EFG at a nucleus, which then
Ty=1.6 K with a very small YB™ spontaneous momeft. arises only due to the surrounding atomic charges in the
The first measurements performed on the metallic alloycrystal lattice. For YB™ ions, there is large contribution to
YbsSi; (Ref. 5 seemed to imply that, contrary to both the EFG from the partially filled # electron shell, arising
above-mentioned silicides, it is not a homogeneous but from the 4f level splitting in the crystal electric fiel(CEP.
heterogeneous mixed-valence system which has its two crydhe CEF sublevels contribute to the EFG in different
tallographically inequivalent Yb sites occupied by divalentamounts, and their population changes with increasing tem-
and trivalent ions. perature according to the Boltzmann distribution. Therefore,
The valence states of Yb in solids can be studied in sewwhile the lattice contribution to the EFG is practically tem-
eral ways. Trivalent Yb has af4® configuration withJ=2  perature independent, the contribution from the unfilldd 4
and is paramagnetic, while Y5, with a 4f'* ground state  shell shows a strong temperature variation. At low tempera-
andJ=0, is diamagnetic. Therefore a conclusion on the Ybture the 4 contribution is usually dominant, but it vanishes
valence states can be drawn from the magnetic properties @t very high temperature when the CEF sublevels are equally
the crystal. One is also able to distinguish between the twgopulated.
types of ions using photoemission or,tedge x-ray- Here we present a study of the Yb valence in the interme-
absorption techniques since they both are sensitive to thi@llic compound YRBSi; using the following microscopic
electron binding energy which is characteristic for a giventechniques: Mesbauer absorption spectroscopy with the iso-
charge state. Finally, there are some hyperfine interactiotope 17°Yb, y-y perturbed angular correlations #?Yb, and
methods like Mesbauer spectroscopy or the perturbed angux-ray absorption at the Yb |, edge. Additionally, the exist-
lar correlation(PAC) of y radiation where the valence state ing magnetic-susceptibility measurements were extended to
can be inferred from the measurement of the electric quaddigher temperaturéup to 800 K. YbsSi; was previously
rupole interaction and of its thermal behavior. supposed to be an example of a compound witFYland
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Yb?" ions occupying the two inequivalent lattice sites. This
was concluded from the susceptibility measurements up to
room temperaturgand from photoemission measurements. 1000 pmfessessuns:
The results of our hyperfine interaction experiments, the

L, ,-edge spectroscopy, as well as the high-temperature 995
magnetic-susceptibility measurements contradict such a pic-

ture, making YRSi; a more stimulating compound than ex- 990
pected. A preliminary account of this work was published in
Ref. 6.

985

ission

Il. EXPERIMENT

1000
A. Crystal structure

Transm
1

The preparation of the sample is described in Ref. 5. In all
the experiments polycrystalline powder samples were used.
YbsSi; crystallizes into a MgSis-type hexagonal structure 995 |-
(space groug’65;/mcm). In this structure, the rare-earth at- =
oms occupy two crystallographically inequivalent sites =
which correspond to the Wyckoff positionsd4and &. -
The 40% of Yb ions at the d site have an axial sym- B I I \
metry (D5, point group, while the rest (§ site) lies at a site -2 -1 0 1 2
with less than threefold symmetryCg, point group. An
x-ray diffractogram of the sample shows the lines of the v (CIII/S)

MnsSis-type structure witha=8.251 A andc=6.231 A.

Weak intensity lines pertaining to impurity phases are ob- FiG. 1. 7% Mossbauer absorption spectra in 3, in zero
served, amounting to no more than a few percent of theield atT=4.2 and 50 K. The spectral decomposition performed in
sample mass: one or two lines of Si and of Yb could bethe fits are marked with solid lines.

identified, and other lines remain of undetermined origin. We

emphasize that no lines pertaining to other Yb silicidesgn the sample was sealed in a quartz tube and then placed
(YbsSis or YbSi) are present. into a small oven or cryostat in a PAC setup. The PAC
measurements were carried out using a conventional slow-
B. Mossbauer effect measurements fast coincidence system equipped with four Baletectors.
Since the'’?_u activity decays with a half-life of 6.7 days,
one sample can be used for 3—4 weeks until the activity
drops below a suitable level.

The Massbauer transition for thé’%vb isotope has an
energy 84.3 keV, and links the ground statg<0) and the
first excited statel(=2). The Doppler velocity-energy con-
version factor is 1 mm/s= 68 MHz for 1"%b. A monochro-
matic y-ray source oft’"°Tm* in TmB,, was used to record D. Magnetic and x-ray-absorption measurements
the spectra; the full width at half maximum of the source line

is 3 mm/s with respect to a YbAlreference absorber. Mea- . X ; . ,
: . nducting quantum interference device with a field of 0.5 T
surements were carried out in the temperature range from 3 .
In the temperature range 1.7-800 K. The x-ray-absorption

mK to 80 K. Spectra below 1.4 K were recorded using 8 easurements [x-ray-appearance near-edge structure
3He-*He dilution refrigerator. A spectrum was also recorded y-app 9

: o ! : (XANES)] were performed at the French Synchrotron Radia-
at 4.2 K with a magnetic f|(_eldfc_7 T applied perpendicularly tion Facility (LURE) in Orsay, at two temperatures 10 and
to the y-ray propagation direction.

300 K, in the photon energy range 8940-9020 eV which
contains the l,, edge of Yb. Experimental details concern-
C. Perturbed angular correlation measurements ing the XANES technique can be found in Ref. 7.

Contrary to Mmsbauer spectroscopy, which, due to the
temperature-dependent recoilless factor, allows the hyperfine
interaction of1’%b to be measured only up to about 100 K,
the PAC measurement sensitivity is practically temperature
independent. The PAC spectra were recorded at several tem- The shape of the zero-field Msbauer specti@ig. 1), as
peratures in the range from 20 to 750 K. We used the 91-well as the perturbation patterns of the PAC spe(fig. 2),
1094-keVy-y cascade emitted after the radioactive decay otcontain all the relevant information on the hyperfine interac-
173 u to the excited states of'?Yb. The intermediate level tion. In the whole temperature range, the spectra show that a
of the cascade is characterized by the nuclear bpi and  hyperfine electric quadrupole interaction alone is present.
the half-life T,,=8.3 ns. The radioactive samples were ob-The 1’%b Mossbauer measurements down to 0.03 K could
tained by deuteron irradiation of the ¥®i; compound it- not detect any magnetic interaction nor any significant
self. Thel’_u isotope was produced in the target as a resulbroadening of the lines, which means that neither of the Yb
of the 72vb(d,2n)*"4_u nuclear reaction. After the irradia- sublattices show any magnetic ordering down to 0.03 K.

The magnetic susceptibility was measured with a super-

IIl. ANALYSIS OF THE HYPERFINE DATA
IN ZERO FIELD
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T : FIG. 3. Temperature dependence of the quadrupole interaction
0 10 ) 20 30 40 parametersy and|V,, for the two Yb sites in YBSi;. The Mcss-
Time [ns] bauer effect data are denoted with triangles, and the PAC data with

. . circles. Data for the d site are marked with open symbols, and for
FIG. 2. Perturbed angular correlation spectra dfyb in o &g site with solid symbols.

YbsSi; at 20 and 273 K. The solid lines represent fits of the pertur-

bation factor to a superposition of two static quadrupole interaction ) )
components. be determined with a rather good accuracy when the fre-

guencyrg is high enough. When the quadrupole interaction
The hyperfine electric quadrupole Hamiltonian is conven-becomes very weakin the range 200-400 K the fitted

tionally written as value of  is no longer reliable.
In the zero-field Mesbauer spectra, the two components
eQV,, ) (I2,+I2+) are not resolved, but fits allowing for only a single quadru-
Ho=————|312-1(1+ )+ p—————|, (1 lar i i isf i drupol
QT a1(21—1)|>'2 2 polar interaction are not satisfactory. Using two quadrupolar

components, we find an amplitude ratio again near to 3:2.
where the diagonalized EFG tengd,,,V,y,V,,} is repre-  The best-resolved spectrum at 4.2 K gives the ratio
sented by two independent parameters: its largest compones¥(3):43(3). Besides the intensity of the two components, the
V., and the asymmetry parametgr=(V,,—V,,)/V,,. The fitted parameters were the quadrupole coupling constants
interacting nucleus is described by its electric quadrupoIQuQ=eQ17°\/zzl8 for both components and the asymmetry pa-
momenteQ and its spinl. To compare results from the rameters for the 60% component. At 4.2 K, the fitted values
Mossbauer and PAC measurements, the different spins arm‘eaQ: —2.1510) mm/s andz=0.8(0.2) for the 60% com-
various quadrupole momen® of the involved isotopes ponent, andrvg=—1.20010) mm/s for the 40% component.
should be taken into account. We ad@pt’®=—2.14 b(Ref.  In principle, the M®sbauer effect measurements can yield
8) as the quadrupole moment &f%b in the 84-keV excited additional information concerning the valence state, i.e., the
state with spid =2 andQ’?=3.1 b(Ref. 9 for 1"2vbinthe  isomer shift value. However, fot’%b the experimental
1172-keV excited state with spin=3. It should be noticed linewidth (3 mm/9 is much larger than the difference in the
here that only the absolute value \¢f, can be derived from isomer shifts for Y6 (0.1-0.2 mm/sand YB?* (—0.3—

a y-y PAC measurement while the sign \d§, can be deter- —0.1 mm/3 ions° Therefore, a reliable value for the isomer
mined from the'’%b Mdssbauer spectra. It was found that shift can only be obtained from good statistics spectra with
both the Mmssbauer and PAC spectra consist of two composimple and well-resolved line shapes. The spectrum taken at
nents. These components are identified with the two in4.2 K, which has the best statistics, yields isomer shifts val-
equivalent Yb sites in the crystal lattice of ¥®is,. ues of 0.25 and 0.15 mm(eelative to the TmB, source for

In the PAC spectra, the relative amplitudes of both com-the 60 and 40% component, respectively. These values are in
ponents practically do not vary with temperature. The majotthe range for trivalent Yb ions in a metallic hdStbut they
component is equal to about 60ffiom 54(3)% to 644)%  are not too reliable because of the poor resolution of the
for different spectra It agrees very well with the site occu- spectrum.
pation ratio 3:2 for the two 6 and 4d Yb sites in Yb;Si,. The fitted EFG parameters for two Yb sites are shown
For the minor component the EFG tensor appears to be axiaébgether in Fig. 3 for the Mgsbauer and PAC data. We plot-
(7=0 in the limit of the experimental errprThis result ted the quantityV,,] as determined by PAC measurements,
agrees with the expectation coming from the crystal latticebut the Masbauer-derivedrg is negative for both sites,
symmetry: the EFG tensor is axial at a lattice site with awhich means tha¥/,, is positive(at least below 80 K The
threefold or higher symmetry axis like thed4site. In the results obtained with the two techniques are in satisfactory
final step of the fitting procedure, the two amplitudes wereagreement. The important result is that the principal compo-
fixed to be 60% and 40%, ang was kept equal to zero for nent of the EFG tensor drops by a factor of 5 between 4 and
the 40% component. The fitted parameters were then the tw200 K for both sites. In the same temperature rangesthe
quadrupole interaction frequencieg,=eQ*’3V,,J/h and value of the 60% component decreases from 0.8 to about 0.2.
the asymmetry parametej for the 60% component. The It seems that three components of the EFG tensor decrease
|V.J values derived from theq values, as well as;, are  with temperature at different rates, and a sudden jump of the
plotted in Fig. 3 with circles. The asymmetry parameter cany parameter above 200 K corresponds to a change of the
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FIG. 5. X-ray-absorption spectra near the Yl Ledge for

FIG. 4. Y%b Méssbauer absorption spectrum in )i, at 4.2 YbsSiz at 10 and 300 K.

K with a magnetic field 67 T applied perpendicularly to the

y-ray propagation direction ever, for such a site, with a symmetry lower than axial, the

number of parametefghe principal values of the tensors and
the angles defining their relative orientatjois large. We
Used the approximation of axial symmetry to fit the 60%
omponent in the in-field spectrum of ¥8i;. The thin solid
ne in Fig. 4 represents the result of such a fit, which is
markedly better than the hyperfine field fit done as a first
approximation. The obtained parameters are characteristic of
IV. IN-FIELD Y7°%YB MO SSBAUER SPECTRUM AT 42K  aratheranisotropic CEF doublet=5 andg, /g,~0.1, and
B . o aq=3 mm/s. This quadrupolar coupling parameter is of an
The Mossbauer spectrum at 4.2 K with an applied field of gpposite sign to the zero-field value-@.1 mm/3; this can
7 T, shown in Fig. 4, is quite different from the zero-field pe due to the mixing effect of the 7-T field which can be
spectrum shown in Fig. 1. It can be analyzed with two com-expected to modify the wave functions of the CEF states, or

ponents. The central absorption corresponds to a quadrupolgrcan be an artifact due to the axial approximation used in
hyperfine interaction(the dashed line in Fig. )4 with  the calculation of the line shapes.

ag=-—1.2 mm/s and a weight of approximately 40%, and
the split absorption to a magnetic hyperfine interaction. In
the first step, fitting this latter component into the hyperfine
field approximation, one obtains a satisfactory fit with a hy- The zero-field hyperfine measurements suggesting the
perfine field of 225 T(corresponding to a Yb" magnetic  presence of trivalentor close to trivalentYb on both sites
moment of=2.2ug, using the'’®b3* hyperfine propor- in YbSi;, and the Mssbauer spectrum wit7 T showing
tionality constantC=102 Tjug) and an axial quadrupolar that only the 60% Yb component has a magnetic susceptibil-
interaction with ag=3 mm/s. These two components are ity characteristic of YB*, we performed x-ray-absorption
identified with the Yb ions in the two crystallographic sites. spectra at the Yb |4 edge in order to obtain an independent
These data show that the local magnetic susceptibility isletermination of the Yb valence. The spectra at both tem-
quite different for the two Yb ions in the two sites. For the peratureg10 and 300 K are practically identica(see Fig.
40% componentthe 4d site), the Massbauer spectrum is 5). The dominant peak at an energy8943 eV is associated
unchangedwithin experimental errorin the presence of the with the Yb®" valence state. At-8935 eV there is another
magnetic field of 7 T, i.e., the magnetic susceptibility of theweak component which indicates the presence of thd*Yb
corresponding Yb ions is very small at 4.2 K, like for a valence state. The spectra were fitted in the standard’way,
Yb?* ion. The Yb ions in the 60% componentd&ite), by  allowing for Lorentzian-shaped peaks and arc-tangent func-
contrast, show a large paramagnetic susceptibility, with aions for the background. The derived relative weight of the
ratiom(H=7T)/H=0.18 emu/mole at 4.2 K. two peaks gives a mean Yb valence equal t02.88(2) at

In the paramagnetic phase at low temperature, the powddyoth temperatures. This is much larger than the value of 2.6
Mossbauer measured in a magnetic field is not a simple hyexpected with the hypothesis of three %band two Yt**
perfine field spectrum in the case of the ground CEF doubleibns in the unit cell. If one assumes that thg 8b ions are
of a Yb®* ion in a site with symmetry lower than cubic. purely trivalent, then the experimentally obtained valence
Indeed, the CEF anisotropy implies that the direction and,=2.88 implies that the lower limit for the valence of the
size of the paramagnetic moment induced by the appliedd Yb ions is 2.7.
field depends on the orientation of the local crystal axes with
respect to the field. The Msbauer spectrum should then be
calculated as a powder average, and it depends on the elec-
tronic g tensor and the EFG tensor of the ground®Ytstate. The inverse molar magnetic susceptibility of 35 in
Such a procedure should be applied for Yb ions at thsi6e  the temperature range 1.7—800 K is shown in Fig. 6. Above
in YbsSi;, which occupy a site with low symmetry. How- 100 K the xy "1(T) dependence follows a modified Curie-

principal EFG axes. The observed strong temperature depe
dence of the EFG tensor clearly indicates that, at both site
the 4f electrons contribute to the EFG at the Yb nucleus, i.e.|i
that both Yb ions are trivalent or close to trivalent.

V. X-RAY ABSORPTION AT THE YB L ;,, EDGE (XANES)

VI. MAGNETIC SUSCEPTIBILITY
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500155 T - - 69 sites occupied by Y®" ions and the 4 sites by IV Yb
160 ions, the total magnetic susceptibility of ¥8i; can be rep-
400—40 resented as
% 3001%° v Yb3*
S 0 x(T)=0.4¢"(T)+0.6x™ (T), 4
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é 200- 1
= where)(Yba+ is the magnetic susceptibility of a stable 3%b
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FIG. 6. Inverse of the magnetic susceptibility vs temperature for
Yb;Si;.
with u.=4.54ug. The solid line in Fig. 6 is a least-square
Weiss law with the parameterg(0)=8x10 ° emu/mole fit to Eq. 4, for T>200 K, of the experimenta} ~(T) varia-
Yb, 0,=—48 K, andu=3.90ug per Yb atom(calculated tion in YbsSi;. The fitting parameters are as follows:
on the basis of five Yb atoms per formula gnithis value is  Ty=1300 K, 8cyw= — 10 K, andEg, varying between 10 and
somewhat higher than that obtained in Ref3546ug), but 300 K. The effective valence of the Yb ions at the dites,
still much lower than the free-ion value 4/54. The impu-  estimated from Eq(3), is found to be 2.89 at 800 K, and to
rity content of our sample is also too small to account forhardly change with temperature. The independence of the Yb
such a large deviation. With the assumption of the ite  effective valence on temperature is here a direct consequence
being occupied by YB" ions and the 4 site by Yb?",  of the very small energy differendg,, between the two Yb
made in Ref. 5, one obtains.s=5.1ug for the Yb ions at  configurations—in the temperature range of our measure-
the 6d site, which is too high for assignment to a ¥bion.  ments both states are already strongly thermally populated.
This observation leads to the conclusion that the Yb ionsThis value is in good agreement with the mean valence of
located at the d sites significantly contribute to the para- 2.88 obtained from the L-edge x-ray measurements. The
magnetic susceptibility of YESis, and thus that they cannot large value ofTg results in a strong reduction of the para-
be in the diamagnetic Y& charge state. In the following magnetic susceptibility of the Yb ions located at trishes
analysis, we assume that thg 8ites are occupied by stable with respect to the susceptibility expected for a free*Yb
Yb3" ions, but that the weakly paramagnetic Yb ions at theion. Such a behavior is often found in intermetallic ytterbium
4d sites exhibit an intermediate valen@¥) state. compounds where the hybridization of thd #lectronic
An approach describing the behavior of IV systems is thestates with the conduction electron is rather strtnggsult-
interconfiguration fluctuation model developed by Sales andhg in a Yb valence somewhat lower than 3. In turn, the
Wohlleben!! This model assumes that the ¥band Yb*" magnitude of thedy, value derived here for theggYb ions
configurations are almost degenerate, with the?Ylwon- is typical of compounds with stable or weakly hybridized
figuration as the ground state. The magnetic susceptibility o¥b* ions. Moreover, a remarkable deviation of the experi-
a Ybion in the IV state may be expressed as mental y~*(T) dependence from the model curve observed
at low temperaturegsee Fig. & results from crystal-field
effects. This hypothesis of an almost trivalent strongly hy-
uiﬁ[l— HT)] bridized Yb ion at the 4 site will be shown to account well
XV(T)= BT (2)  for the experimental data in ¥Si; (see Sec. VII B.
s(T+Ts)

VII. DISCUSSION
where u.=4.54ug is the effective magnetic moment asso-
ciated with the 42 excited state T stands for the spin
fluctuation temperature describing fluctuations between bot
configurations, andd(T) is the mean occupation of the
ground configuratiorithe fractional valengeand is given by

It was previously suggestedhat YbsSi; is a heteroge-
feous mixed-valence system with 60% of Yb ions in the 3
and 40% in the 2 charge state. Indeed, the hyperfine inter-
action experiments show two components in the zero-field
Mossbauer and PAC spectra with the intensity ratio 3:2.
However, the suggestion about the b state cannot be
maintained: the temperature dependence of the EE& Fig.

S(T) = 1 3) 3) exhibits a strong thermal variation for the two Yb sites.
1+8exd —Eo/ (T+Te) ] Such a dependence can be understood only when the 4
electron shell is not completely filled. Then, from the zero-
field hyperfine interaction experiments, a ¥ocharge state
In the latter equatiork,, is the energy difference between can be obviously excluded for Yb ions in both sublattices of
the 4f*2 and 4f'# configurations. With our hypothesis of the YbsSis.
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A. Crystal electric-field effects The Yb ion at the § site (60% componentis in a triva-
lent valence state, with probably a weak-donduction elec-

. . : tron hybridization responsible for the absence of magnetic
scopic techniques, thef4electron shell of the Yb ion seems ordering down to 0.03 K. By contrast, the Yb ion at thé 4

to b‘? in an almost trivalent charge state_ for both t@?’?@d site (40% componentis strongly hybridized. This picture is
4d sites. On the other hand, the magnetlc_-susceptlmllty meap, agreement with the Wesbauer spectrum with applied
‘ . fagnetic field and with the magnetic susceptibility data. The
than that expected for the free Ybion. It is well known  magnetic-susceptibility of thedtYb ion is well described by
that the CEF interaction can lead to a moment reduction, ahe interconfiguration fluctuation model with a large spin
least at low temperature when all the CEF states are nafyctuation temperatur@y=1300 K. The electric-field gra-
equally populated. The magnitude of the CEF interaction caijient at the 4 site shows a sizable thermal variation because
be estimated in YBSi; from the EFG temperature depen- the overall CEF splitting is somewhat greater or of the same
dence, since the measurements were performed in an unuswagnitude aJ ¢, as estimated in Sec. VII A.
ally wide temperature range. A quantitative description of The alloy YbsSi; can then be classified as a “heteroge-
the EFG temperature dependence involves the CEReous hybridization” Yb compound and, to our knowledge,
formalism?® Since the Yb atoms occupy lattice sites with ait is the first unambiguous example of this type. One can
rather low symmetry, the number of independent CEF paspeculate that the existence of two crystallographically in-
rameters is high: nine for theg6sites and six for thed  equivalent sites can favorize the appearance of different hy-
sites® It is therefore not possible to fit unambiguously all bridization strengths on each site. In this respect, the situa-
these parameters from the EFG thermal variation. Severdlon in YbgSi; is different from that in known
attempts have been performed with a limited number of théneterogeneous mixed-valence Yb alloys like YHRe&f. 21
CEF parameters. These simulations lead us to two conclwr Yb,As;,22?3° where a phase transition occurs from a
sions:(1) the first excited CEF level must be around 180 K high-temperature phase with a unique Yb site to a low-
for the 4d site, and around 200 K for thegésite; and(2) the  temperature charge-ordered phase wWiithprinciple) two in-
overall level splitting is between 1000 and 1500 K for all Yb equivalent Yb sites. In YESi;, no phase transition is de-
ions. Such a value is unusually large for intermetallic Ybtected in the thermal variation of the resistivity up to 608 K,
compounds, where it usually amounts to a few 100 K. or of the magnetic susceptibility up to 800 K.

The large value of the CEF splitting cannot explain the
low effective magnetic moment value: using model CEF pa- VIIl. CONCLUSION
rameters that approximately reproduce the EFG thermal
variation, the calculated thermal variation of¢1i6 found to We reexamined the properties of the Yb alloy 58,
be practically linear above 200 K with a slope characteristigvhich was previously thought to be a heterogeneous mixed-
of the free YI#* ion. The inset of Fig. 6 shows the low- valence system, with Y& ions occupying the 60% @
temperature part of ¥/in YbsSis; the observed curvature is site and YB* ions occupying the 40% dt site of the
roughly consistent with the derived CEF level scheme. Mn;sSis-type hexagonal structure. We carried out zero-field
and in-field "%b Mdssbauer absorption spectroscopy, per-
turbed angular correlations of radiation on'"?Yb, x-ray
absorption near the Yb )|, edge, and magnetic-susceptibility
measurements in an extended temperature range §5iYb

Hybridization of the 4 electrons and the band electrons we found that while the zero-field Msbauer, the PAC, and
in Ce- or Yb-based alloys is a rather common featdr. |, -edge data point to a valence close to 3 for the Yb ions on
leads to such properties as the Kondo effect, the intermediatsoth sites, the in-field Mssbauer and magnetic measure-
valence of the rare-earth ion, and the “heavy electron” be-ments indicate that the Yb ions at the 4ite have a para-
havior. In these compounds, the magnetic susceptibilitymagnetic susceptibility much smaller than expected for a
shows a paramagnetic behavior and often follows a Curiefree Yb3* ion. We propose a model to interpret these find-
Weiss behavior with a large negative paramagnetic Curigngs, in the frame of the # conduction-electron hybridiza-
temperature { —100 K); the Yb or Ce sublattice usually tjon often occurring in intermetallic Yb compounds: the hy-
shows no magnetic ordering down to 0 K. Some examples dfridization strength is different for the Yb ions at the two
almost trivalent Yb alloys are known, where hybridization is sjtes, being large for the Yb ions at thel 4ite and much
rather strong* cubic YbAI5, hexagonal YbCUAI, or tetrag- weaker for the Yb ions at thedssite. We also found that the
onal YbPd,Si; and YbCwSi,. In YbCuAl and YbPdSi,  crystal-field interaction leads to an unusually large splitting
the presence of CEF levels, although broadened by thgf the Yb levels, of the order of 1000-1500 K. Yb
hybridization, is well documented by inelastic neutron .sj, therefore is not a classical heterogeneous mixed-
scattering;°~*in these latter compounds and in Yb@Sib,  valence system, but rather the first clear example of a Yb
a sizable thermal variation of the electric-field gradient at tthompound where the two Crysta”ographic sites are Occupied

Yb site has been observed by Mbauer spectroscopy® by almost trivalent Yb ions with different hybridization
In order to account for all the properties measured instrengths.

Yb;sSi;, here we propose the following model: the Yb ions
on the two sites both have a valence close to 3, in agreement
with the zero-field hyperfine measurements and the
L, -edge x-ray-absorption results, but the hybridization Research support was received under the France-Poland
strength is different on the two sites. Scientific Project and KBN Grant No. PB 523/P3/93/05.

In view of the results obtained with these three micro-

B. Hybridization effects and model for YbsSi;
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